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}! AT TONAL ADVISORY COMMITTEE FOR ^^KOI'TI'V: , 

TECHNICAL NOTE NO, 89. 

THE CHOICE OF THE SPEED OF /.N AIPSi-II?. 
By Max 2.!. Hunk. 

Superior navigation can increase considerably the range of 
an airship and improve its economy. One of the most important 
problems of navigation is the question, which speed to choose at 
every moment and in which direction to steer the airship. The 
answer depends on many considerations, but for usual conditions 
it is possible to give some fairly simple rules which may be of 
advantage if reasonably applied. 

It is desirable first of all to keep always that absolute 
course with respect to the earth's surface v;hich gives the short- 
est absolute distance between starting point and destination of 
the voyage, whatever the strength and the direction of the wind 
may be. This is impossible of course in the rare cases that the 
side wind exceeds the greatest speed of the airship; and, if the 
contrary wind is strong enough it may happen that the navigator is 
able to hold the airship on her course, but that it is driven back- 
wards. Under ordinary conditions, however, the airship ought to 
be able to keep her course and to advance in it. The path rela- 
tive to the wind is then the relative path of shortest distance, 
under the condition that the wind is constant during the entire 
voyage, and hence the course is the most favorable. If the wind 



changes but slightly, the distance relative tc the wind will not 
be materially increased. For extreme changes of the side wind 
this may be different, but the navigator cannot know in general in 
-hat way the wind is going to change; the probability that it re- 
mains constant is greater than any other, and any other assumption 
is in most oases quite arbitrary. The case of constant wind is 
the nxst important one and simplest, therefore, and should bo 
di sous sea. 

In clear weather the navigator is well able to decer:r-ine the 
absolute course. Over land he can observe the relative motion of 
objects or li^;ts, and over sea he can drop down any floating and 
visible otject, luminous at night, and observe it. The floating 
object as suae 3 the velocity of the water and does not Rtrv- at i : 3 
place absolutely, it is true; but the motion of watsr is sr/.all 
when compared with the speed of the airship and is moreover know:: 
in many casss ani can be taken into consideration. If the air is 
f°ggy> however, the method of observing objects beneath the airship 
is no longer possible. It :aay be that the previous method can be 
replaced then by other net nods, astro nonical . if the shy is visi- 
ble, or electrical. 

Now let the "Speed" V, denote the velocity of the airship with 
respect to the air, as measured by the speed meter. The compo- 
nents of this speed parallel and at right angle tc the absolute 
course may be denoted V, and V 2 . The absolute ^ind veloci ty u.ay 
be denoted by W and may be resolved into the two components V/ x 
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Fig. 1. 

It can easily be seen that the condition for keeping the absolute 
course is V 2 + \7 a = 0; that is to say, that the speed iX right 
angle to the course has to be equal and opposite to the side wind. 
The question of the absolute side speed is thus settled and I pro- 
ceed to the chief problem , that is the magnitude of the speed of 
the airship. 

The favorable speed of an airship is chiefly determined by 
the condition of the least consur.pt ion of fuel per unit of travel- 
ed distance, although other conditions come into play. The result- 
ing rules depend on the character of the wind; whether it is favor- 
able, that is nearly in the direction of travel, side wind or con- 
trary v;ind, and they depend on the variability of the efficiency 
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cf the engine-propeller units. With respect to this last consid- 
eration two main cases: are to be distinguished. 

Within a v j de rang?; of speed the efficiency can be supposed 
to be practically constant. In this case the consumption of fuel 

per unit of time is proportional to the cube of the speed, that 

3/2 

is, proportional to (V; 2 + YI 2 2 ) and the traveled distance 

during this time is {\ + Hence the consumption per unit 

of traveled distance is proportional to — ^— ^ , In this 

expression V/ 3 and Y< 2 are the two components of the wind and are 
therefore given; the only variable is then V x . The condition of 
the minimum consumption per unit of traveled distance is that the 
differential quotient with respect to this variable is zero, that 
is 

JL (V t %*) 3/ * _ 3 (v 1 3 + w a a ) 1/a v n ( v, ± - (v, 5 i w a g ) 3/ ^ 
dv, v, + w x (v a + ;v x ) 2 
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The expression is still too complicated for practical application. 
Considering that the constancy of the efficiency is only approxi- 
mate, that the wind components are variable too, and never exactly 
Irnorn, that moreover the consumption in the neighborhood of its 



minimum is h?«rdly noticeably increased, the expression nay be 
simplified without diminishing the usefulness of the result. The 
simplification consists in replacing l/2 the factor of the first 
tern under the radical by 9/l6, thus increasing the value of the 
square root by soae percent. 

i 4 1 4 4 

If the side ".vind is feeble, V a is practically the velocity V, 
and TT^ may be replaced by Yh So that 

V ~ - .2 17 ±J3 W 
4 4 

There are two cases,, therefore, to be considered: 

1. v.- - ^ YJ - -? 17 - - | T7 

4 4 4 

Hence \ r ! has a negative value, i.e. , it is a contrary wind; 
and the most favorable speed of the airship is three halves of 
this contrary vind. This makes the speed of the airship over the 
earth one-half the magnitude of the wind. 

2. V = - £ W + -§ W = 0 

4 4 

air 

Hence the vind is in the direction of the /ship's course, and 
obviously, the most economical procedure ^ould be not to consume 
any fuel, which is That V = 0 means. The speed over the earth 
is then simply the speed of the wind. 

If, on the other hand, the wind is not strong, but on the 
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-hole is a contrary ore, ve cannot neglect the side v<:lnd. 

TJ _ 5 f TIT _ VX > 

4 

i,e, , the velocity should be three-fourths of the stun of the mag- 
nitude of the -^ind ar.c the contrary rind. 

Consider as the second assumption, that ^he efficiency is 
not constant, tort, as is approximately the ca^e at sn,all speeds, 
that the efficiency is proportional to the speed V. The specific 
consumption is then proportional to 

i_ r 

and the minimum condition is now 

Z\ (V, + - (V, 2 + 1v 2 2 ) - 0 

v 1 = + w - \ 

Without any side wind the most favorable speed has to be twice 
that of the contrary wind. The expression differs from the one 
obtained before only by a factor; it is 4/3 times as great. The 
general character of the condition remains as before. 

It is unnecessary to calculate the condition for nore cases. 
Obviously, for a smaller variability of the efficiency, the factor 
can be taken between .75 and 1. It is not necessary to have the 
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absolute -inimum, nor is the variability fcown exactly enovgh in 
every single case. And even if it were so, the navigator has nc 
time to calculate the speed with long formulas end with the help 
of a calculation machine. I wish simply tc give him a fairly sim- 
ple rule which he can keep in mind, and which "ill give him a hint 
as to the right speed. For the application of the results it is 
only left to decide down to what speed the efficiency can be con- 
sidered to be constant. VJith the usual propellers and under or- 
dinary present conditions, 65 mi/hr may be considered to be the 
lower limit. For lower speed, the quick arrival at the destina- 
tion rather than a small consumption of fuel becomes more and mere 
the consideration of the pilot. 50 mi/hr may be the absolute min- 
imum speed; that depends on the circumstances. The following 
rules result from the investigation thus finished: 

I. Always .k^eep the absolute course and steer at such an angle 
with reference -**\t as to neutralise the side wind. 

II. Strong * *ry wind. Take a speed 1-1/3 times the veloc- 
ity of the wind. 

III. General rule. Take the velocity of the wind and the veloc- 
ity of the course component of the wind. Add them together if the 
wind has a contrary component, but subtract them from each other 

if the wind has a favorable component. This sum or difference de- 
termines the speed of the airship relative to the air to be chosen, 
(a) The sum or difference exceeds 86 mi/hr. Choose the 
speed 3/4 of it. 
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(b) The sun or difference lies between £S r.u/hr and 
53 r.;i/lir. Ohoose the speed G5 mi/fcr. 

(c) The sum or difference is smaller than 65 ir.i/hr. Co 
not choose the speed smaller than it; the sum or 
difference gives directly the speed of smallest 
consumption of fuel* 



